The paper deals with the development of a rapid and efficient Capillary Zone Electrophoresis (CZE) method for Quality Control analysis of pharmaceutical preparations containing antihistamines, decongestants, anticholinergic remedies and preservatives. Active ingredients of interest are: ChlorPheniramine Maleate (CPM), DiPhenhydramine Hydrochloride (DPH), Ephedrine hydrochloride (E), Isopropamide Iodide (II), Pheniramine Maleate (PM), Lidocaine hydrochloride (L), Tetracaine hydrochloride (T), Clopamide Hydrochloride (CH), DiHydroErgochristine (DHE), PhenylEphrine hydrochloride (PE) and Acetaminophen (A). Preservatives studied are: MethylParaben (MeP), EthylParaben (EtP), PropylParaben (PrP), ButylParaben (BuP), p-HydroxyBenzoic Acid (p-HBA). All these analytes were separated in a single run using 60 mM tetraborate buffer solution (TBS) pH = 9.2 as a BackGround Electrolyte (BGE) by using an uncoated fused silica capillary of I.D. = 50 μm and applying a voltage of 25 kV in the first part of the electropheretic run (up to 5.8 min) and 30 kV for the remaining time. The hydrodynamic pressurization of the inlet vial was 20 psi at 7.2 min. up to the end of analysis. Total separation time was of 7.5 min. The method was then successfully validated and applied to the simultaneous determination of active ingredients and preservatives. Good repeatability, linearity, and sensitivity were demonstrated. Precision of migration time (t m ) was RSD% < 0.53% and of corrected peak area (A c ) was RSD% < 6.15%. The linearity evaluation gave 0.9928 < r 2 < 1.000. LOD and LOQ, accuracy (recovery) and ruggedness were evaluated for each analyte demonstrating the good reliability of the method. Analyses of some pharmaceutical real samples were performed.
Introduction
Several analytical methods, employing different techniques, are being developed for separation of studied analytes. Nitrogenous compounds were separated by HPLC and CE (Capillary Electrophoretic) techniques. In particular, an HPLC-based analytical method for the determination (PM and E) [1] has been developed and successfully applied to nasal drops and tablets [2] . CZE-based methods [3] [4] [5] and MECK (Micellar Electrophoretic Capillary Chromatography) have been developed for determination of pseudoephedrine, acetaminophen, chlorpheniramine, ascorbic acid and dextromethorphan [6] [7] [8] . An accurate and rapid method based on CZE in TBS (pH = 8.5) for the determination of codeine, DPH, E and noscapine in a syrup formulation was described [9] . This method after validation was proposed as a routine one in Quality Control of pharmaceutical preparations. A CZE-MS method was also developed and applied in forensic field to determine E and others main drugs of abuse in hair samples [10] . Separation of CPM, PE and DPH was studied and optimized by CZE and MEKC ways by comparing selectivity of different media [11] [12] [13] [14] [15] . The best results were obtained by the MEKC separations. Another paper reported the CZE separation in non-aqueous media: a good resolution for 12 drugs analysis was obtained [16] . Another CZE method was proposed for simultaneous separation of five active compounds (CPM, PE, DPH, E and II). These analytes were separated under cationic form in about 8 min by using 60 mM TBS (at pH 9.2) as a BGE [17] . Recently some authors describe the CZE separation of lidocaine (L), prilocaine, procaine and tetracaine (T) in tris-phosphate buffer. The study regards the influence of capillary dimensions on the sensitivity and efficiency of a validated method [18] .
Many papers are present in literature regarding determination of different parabens by RP-HPLC [19] [20] [21] [22] [23] [24] .
Such methods allow simultaneous parabens determination with good results, but this technique require high solvent amount. GC may be alternative used [25, 26] , but for parabens determination the preliminary derivatization to be determined render this techniques less attractive than HPLC.
Many papers dealt with parabens determination by different CE approaches. Some authors studied determination of preservatives in cosmetic and pharmaceutical products by MECC (Micellar Electrokinetic Capillary Chromatography) [27] [28] [29] [30] [31] [32] [33] [34] [35] and CEC (Capillary ElectroChromatogrphy) [36] . These methods are much more frequently applied than CZE [37, 38] , because of the possibility to separate p-HBA from its alkyl esters only in the presence of a stationary (or pseudo-stationary) phase. So MECC and CEC make possible the separation of all parabens by exploiting their different chain length; unfortunately these methods are time consuming and more complex to execute. CZE is the simplest method but migration time of p-HBA is much longer than parabens.
To our knowledge no publications are present in the literature regarding the simultaneous determination of eleven nitrogenous active compounds and five parabens including p-HBA by using The goal of the present study is to develop, optimize and validate a CZE-based analytical method for the simultaneous separation and determination of most commonly-used antihistamines, decongestants and long-acting anticholinergic drugs such as: CPM, DPH, E, II, PM, L, T, CH, DHE, PE, A and preservatives like as MeP, EP, PP, BP, p-HBA.
Presently, many commercial products contain these analytes in different combination. The determination of all parabens is highly important because of its commercial use can give potential contribution to the incidence of breast cancer [39] [40] [41] [42] . The Quality Control analyses in pharmaceutical industry plan every component of the pharmaceutical mixture was extracted and determined separately. Consequently the complete analysis, performed by several steps, is very time and solvent consuming. For these reasons it is necessary to develop a new method employing techniques to analyze all components in a single step.
The CE offers many advantages: versatility, high efficiency, shorter analysis time and lower reagent consuming than HPLC or MECK techniques.
For this purpose, in this paper we describe a validated CZE method for simultaneous analyses of nitrogenous active compounds and parabens present in the pharmaceutical formulations.
Experimental

Apparatus
The analyses were carried by a P/ACE Beckman system (Beckman Instrument Fullerton, CA, USA) equipped with a UV-DAD detector. For ruggedness evaluation, electrophoretic separations were carried out on the Agilent 7100 CE instrument (Agilent Tecnologies, Waldbronn, Germany). The uncoated fused silica capillary (59.5 cm total length, effective length 49.5 cm, I.D. = 50 μm) used along the experiments was supplied by SGE (Melbourne, Australia). Detection wavelength was set at 214 nm. The sample injections were performed in a hydrodynamic mode (5 s under 0.5 psi).
Chemicals and Materials
All used reagents were of analytical grade purity.
In particular, MP, EP, PP, BP and p-HBA were obtained from Fluka (Buchs, Switzerland).
CPM, DPH, E, II, PM, L, T, CH, DHE, PE and A, sodium tetraborate, sodium hydrogen carbonate and Trizma 
Standard, Buffer and Real Samples Preparation
Tetraborate buffer was prepared dissolving the sodium tetraborate salt in distilled water. Tris-borate buffer was prepared by titrating Trizma-base with boric acid down to pH = 9.0. The carbonate buffer solution was prepared titrating sodium bicarbonate solution with sodium hydroxide to pH = 9.2. Standard stock solutions of studied analytes (at a 1 mg/ml concentration) were prepared in distilled water and stored at T = 4˚C. All the solutions used for calibrations were obtained by suitably diluting the stock solutions with a 60 mM borate buffer to get a desired analyte concentration. Except for BABY RINOLO, all the pharmaceutical samples analyzed were prepared in the following procedure: close to 400 mg (exactly weighted) of product were added of 4.00 ml acetonitrile then sonicated for 30 min after that, the supernatant solution was first centrifuged for 5 min (at 6000 rpm) and then filtered through the 0.45 µm syringe filter. Finally the solution was suitably diluted with a 60 mM TBS down concentration within the calibration linear range. The BABY RINOLO preparation, being a syrup, was simply diluted 1:1000 with a 60 mM TBS and filtered.
CZE Conditions
The electrophoretic separation was performed in normal mode with the anodic injection. The capillary, prior to its first use, was washed with 0.1 M NaOH solution for 15 min, then with water for 20 min and conditioned with BGE solution for 15 min. Daily the capillary was washed for 2 min with 0.1 M NaOH, 4 min with water and 4min with BGE solution. Two assessment runs were performed before starting the analyses. Between runs the washing time with BGE was of 2 min.
Results and Discussion
Method Development and Optimization
In order to propose a suitable method for routine analysis, it was necessary to evaluate the experimental conditions for the best resolution of studied analytes. In this step of work, parameters such as pH, BGE concentration, applied voltage and injection condition were explored.
3.1.1. Effect of BGE Composition, Concentration and pH Although several buffer solutions such as carbonate, trisborate and tetraborate were taken into consideration as BGE, only the tetraborate buffer revealed the most promising to achieve the expected separation of the analytes taken into consideration in a single run. Thus, we studied how both the concentration and pH of the BGE affected the analytes separation. To this end a mixture of standard solutions were processed using tetraborate buffer differently concentrated ( from 30 to 70 mM by 10 mM steps) and each one at two different alcaline pH (8.5 and 9.2). Peak resolution, analysis time and peak broadening were evaluated: TBS 60 mM and pH = 9.2 were the best compromise value to achieve the separation of active compounds and preservatives, except the p-HBA which migrates slowly making the analysis time very long.
Wavelength of Detection
The most suitable wavelength for the simultaneous detection of both nitrogenous compounds and parabens was 214 nm. The UV spectra, recorded by an UV-DAD, showed this wavelength was suitable for quantitative analysis. No interfering peaks were observed analysing the real samples.
Effect of Applied Voltage and Hydrodynamic
Pressure The instruments used (P/ACE Beckman system and Agilent 7100) are able to create the potential gradient and applied the pressurization during the electrophoretic run.
The separation voltage was tested between 10 and 30 kV. Runs performed using low voltage (10 kV) took too long analysis time with also zone broadening. On the contrary, adopting high voltage (30 kV) the separation of nitrogenous compounds was incomplete. Satisfactory peaks resolution were obtained at 25 kV (Figure 1 ), but requiring a quite long analysis time. To achieve an optimal separation in a quite short time, the applied potential should be arised during electrophoretic run. In particular, increasing the applied voltage at 5.8 min from 25 to 30 kV, the separation of parabens was optimum, but p-HBA still migrated very slowly (20 min.) .
In order to increase the p-HBA migration rate, we tried to apply the hydrodynamic pressure to the inlet vial during the electrophoretic run. In particular, after migration of the last paraben (MeP), the pressure of 20 psi to the inlet vial was applied. The pressurization reveal very advantageous and resulting analysis time was of 7.5 min.
For the best CZE separation of studied analytes, the optimal experimental conditions are: In these operating conditions the analysis time is 7.5 min (see Figure 2) . The satisfactory separation of 16 analytes in a very short time became possible because of the rapidity and high versatility of capillary electrophoretic technique. The numerous experimental parameters which must be explored during the optimization of operating conditions for analysis, make this technique very selective and versatile.
Method Validation
In the optimized experimental conditions the proposed method was validated examining the following parameters: Precision, Linearity Range of detector response, LOD, LOQ, Accuracy (Recoveries) and Ruggedness.
Precision
The intra-day and inter-day repeatability of migration time and corrected peak area were evaluated analyzing the standard mixtures for 7 consecutive injections. The RSD% data are collected in Table 1. 
Calibration Range
Five standard solutions containing sixteen analytes of interest were injected in triplicate. The resulting equations and relative linear correlation coefficient (r
LOD and LOQ
The LOD determined for all components, corresponds to the lowest concentration of analyte that can be confidently detected by the method, determined on the signalto-noise ratio (S/N) of 3. The LOQ corresponds to the lowest concentration of analyte that can be determined with suitable precision and accuracy, defined as S/N ratio of 10. These two parameters are collected in Table 3 . The values are very similar to those reported in the literature data, obtained in analyses performed with the spectrophotometric UV-DAD detector (LOD: 0.3 -10 μg/ml and LOQ: 1.0 -10 μg/ml). For each pharmaceutical product, the found and declared quantity was reported in Table 4 . For the products containing parabens, it was necessary to declare quantity found as % w/w according to the European regulation [43] . Analyses of real samples proved applicability of this method both determination of active ingredients both simultaneous separation and determination of active-com- 
Analyses of Real Samples
Accuracy
To evaluate method accuracy, the recovery assays on the commercial products were carried out. An aliquot of the 
total conc parabens 0.33 % w/w 0.80 % w/w 0.96 % w/w real sample was analyzed according to the optimized method. Then, an identical aliquot of the real sample was fortified with known amounts of standards. The mixture was analyzed and the resulting concentration value was compared to the value obtained from analysis of sample without fortification. The obtained recoveries are ranging from 86.6% to 102.4%, demonstrating high accuracy.
Robustness
To this end, measurements were repeated by using an Agilent 7100 apparatus in optimized experimental conditions. This instrumentation adopt a differently shapedcartridge and the capillary total length is 48.0 cm, the effective length 39.5 cm (shorter than optimum length of capillary utilized on the Beckman instrument). The electropherogram obtained on Agilent apparatus, injectting the standard mixture at 50 mbar for 5 sec, is shown in Figure 4 . Precision (run-to-run) of migration time and corrected peak area are ranging respectively from 0.03% to 0.97% and from 1.01% to 2.95% demonstrating the robustness of this method.
Conclusion
The study reports CZE method developed for the simultaneous separation and determination of eleven of the most common antihistamines, decongestants, anticholinergic remedies and five parabens. The best resolution was obtained in a very short time (about 7.5 min) using a simple tetraborate buffer as BGE in uncoated fused silica capillary. Proposed method was applied to the real samples analysis using only a simple pre-treatment and dilution. Validation parameters confirmed the suitability of this procedure for the pharmaceutical analysis. The developed method offers a valid alternative for routine analysis in pharmaceutical Quality Control.
